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The field of tissue culture had its beginning when Ross Harrison (*07)
observed the development of nerve fibers that were grown in hanging drop prep
arations. Since that time, considerable progress has been made in the develop
ment of various tissue culture techniques. Many of these techniques have been
employed in problems dealing with nutritional requirements of cells* Studies
along these lines have included various pharmacological aspects of vitamins,
amino acids, and mineral dietary constituents. Eagle (*57) used myo-inositol
as a test agent to determine whether or not it was required for the growth of
normal and malignant human cell strains. In the absence of myo-inositol from
the basal medium in which the cells were grown, growth of the cells was ar
rested and in many instances, the cells died*
Protozoa have also been used in studies on cell nutrition. Kidder and
Fuller (*46) studied the growth responses of Tetrahymena qelei W*. to different
concentrations of folic acid. It was observed that there was a minimum con
centration of folic acid that was capable of promoting significant growth ac
tivity of the protozoa* Good growth responses of the organisms occurred in
concentrations of folic acid that were above the minimum requirement.
This investigation was undertaken to ascertain the effects of para-amino-
benzoic acid on the rate of proliferation of intestinal cells from 9 day old
chick embryos when grown suspended in nutrient medium.
CHAPTER II
REVIEW OF LITERATURE
Cell suspensions have been used in a number of studies to ascertain the
effects of certain substances on cell nutrition and proliferation. Protozoans,
and cells from various tnulticellular organisms have been used to demonstrate
these phenomena.
Kidder and Fuller (*46) used the protozoan Tetrahymena gelei W. to study
their growth responses to additions of various combinations of folic acid to
the medium in which they were grown. Significant growth responses occurred
with additions of seventy-five thousandths to one millimicrogram of folic acid
per milliliter of medium. With concentrations lower than seventy-five thou
sandths of folic acid no significant growth activity occurred. Landy and
Dickens (*42) studied the growth responses of the protozoan Acetobacter sub-
oxydans to para-aminobenzoic acid. Observations showed that no growth oc
curred in the basal medium in the absence of this acid. When the acid was ad
ded to the basal medium excellent growth resulted. The basal medium used in
this investigation consisted of 70$ saline solution (balanced) and 30% horse
serum. The concentration of para-aminobenzoic acid varied from one-hundredth
to six-hundredths molar.
Eagle (f55) devised a medium that contained 8 vitamins, 10 amino acids
(arginine, cystine, histidine, isoleucine, tryptophan, tyrosine, methionine,
glutamine, lysine, and threonine), glucose, and the dialyzed portion of horse
serum. The medium was able to supply the nutritional needfe of mass cultures
of Hela S3 strain cells. When the cells were removed from this defined med
ium and placed in fresh medium lacking any one of the amino acids essential
for growth, no significant growth was observed. When the amino acid that was
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lacking from the fresh medium was added to it, pronounced multiplication of
the cells resulted. According to these workers, all the amino acids that were
used in the basal medium were essential for the growth of the cells. In an
other study by Eagle, Levy, Oyama and Freeman ('57) myo-inositol was demon
strated to be an essential growth factor for 18 normal and malignant human cell
strains. When the myo-inositol was omitted from the basal medium of either of
the cell strains growth was arrested,and in some instances death and disente-
gration of cells occurred. The basal medium used in these experiments in
cluded the components designated by Eagle (*55) as essential when supplemented
with 16% human serum and 8% horse serum.
Fisher and Welch (*57) studied the effect of the citrovorum factor and
peptones on mouse leukemia cells (L-5178) in tissue culture. These workers
devised a medium in which there was a continuous reproduction of mouse leukemia
cells in the absence of non-leukemic cells. The medium in these experiments
included certain peptones which were necessary for continuous reproduction of
the cells, leucovorin, pteroylglutamic acid, and horse serum. After 150 suc
cessive generations, these cells were capable of producing leukemia in DBA/2
mice*
According to Lewis and Lewis ('11), combinations of solutions of sodium
chloride, potassium chloride, calcium chloride, and sodium bicarbonate were
able to support growth of embryonic chick tissue. These solutions were used in
85 different combinations. The tissues did not grow in those solutions which
did not contain sodium chloride, but they grew readily in solutions that con
tained sodium chloride. Maximum growth was obtained when all four salts were
used together. These workers concluded that the solutions were not nutritive,
but protective in nature, thus limiting the growth of the cells to the amount
of food present in them,
Burt (*48) observed that the growth of 9-15 day embryonic chick spinal
ganglia in a culture medium containing plasma from vitamin B deficient chicks
was significantly reduced as compared with growth in a medium containing
plasma from normal chicks. Studies by Evans, Bryant, Sanford and Earle (*54)
demonstrated the effects of 4 fractions of chick embryo extract and horse
serum in various combinations on replicate cultures* The fractions used were
the large molecular residues obtained from the fractionation of horse serum
and chick embryo extract, protein free ultrafiltrates, unfractionated horse
serum, and unfractionated chick embry© extract* Results from this study indi
cated that greatest proliferation occurred when chick embry© extract ultrafil-
trate and horse serum residue were used as the nutrient medium.
Intact organisms other than certain protozoans have likewise been used to
study the effects of deficiencies of essential nutritive substances* Rowlands
and Browning (*28) showed that marked distension and visceroptosis of the stom
ach occurred in rats that were fed a diet deficient in vitamin B. This condi
tion failed to appear in rats that received a diet containing adequate amounts
of the B vitamin. Couch, Cravens, Elvehjem and Halpin (*48) reported that
congenital perosis, ataxia, and characteristic skeletal deformities were mani
fested in embryos that developed from the eggs of hens fed on a low biotin diet.
The deficiency symptoms were prevented by the addition of biotin either t© the
diet of the hens or by the injection of biotin into the eggs from the hens
which had received the low biotin diet. Morgan (*4l) demonstrated that rats
fed a diet deficient in the anti-greying factor of the vitamin B complex
showed pathogenic effects in the adrenals, thyroids, and sex glands. He fur
ther demonstrated that premature greying and metabolic disorders in aged rats
were due to slight vitamin deficiencies over a long period of time. Plimmer.
Aders, Rosedale and Raymond ('27) observed that proteins in the diets of chicks,
pigeons, ducks, and rats needed balancing by vitamins B^ and B2. In addition
to the basal diet that consisted of proteins, fats, and carbohydrates, vita
mins Bj and Bg were added to the diet in proportion to the caloric value of
the diet of these animals* The young animals required more of the B vitamins
than did the adult animals* These investigators postulated that these vitamins
were part of the nuclei of these animals, and that in order for growth and re
placement of the cells to occur, the vitamins were needed in the diet of the
animals* They based their assumption on the fact that the young animals needed
more of the two B vitamins that were used than did the adult animals*
Ansbacher and Landy ("41) confirmed the growth-promoting activity of para-
aminobenzoic acid in rats by feeding rats a sulfaguanidine diet supplemented
with the six basic B vitamins, inositol, and biotin* A greying of the fur was
noticed which could be cured by folic acid concentrate, or by the addition ©f
7*5 mg* to 15 mg. of para-aminobenzoic acid per 100 gms. of diet* These work
ers concluded that the para-aminobenzoic acid altered the intestinal flora,
thus favorably influencing the bacterial synthesis of folic acid*
Lambert (*12) reported that the character of growth in tissue culture
varies with the kind of tissues used* He was able to demonstrate this by using
different kinds of tissues from the chick embryo* He observed different pat
terns of growth with each tissue type* He was also able to demonstrate that
the morphology of the cells was influenced by the use of different kinds of
plasma in the culture medium* Hanks (*48) was able to demonstrate that chick
tissue could be cultivated in six-hundredths milliliter of medium for three
or 4 weeks at 30*C. The medium consisted of 44% balanced salt solution, 33%
Simm's serum ultrafiltrate; 8% chicken serum, and 15% chick embryo juice. He
found that of all of the toxic products produced by metabolism, only the
hydrogen ions prevented survival of the cells.
Earle, Bryant and Schilling C§4) observed that it was necessary to keep
cells suspended in the nutrient fluid in order for proliferation to occur.
The nutrient fluid consisted of chick embryo extract, horse serum, and balanced
saline. The percentage of growth of the cultures in which the cells were kept
in suspension in the nutrient fluid was raised 80% above the percentage of
growth of the cultures in which the cells migrated out of the fluid medium and
adhered to the sides of the vessels in which they were grown.
Results of a study by Owens, Gey and Gey (•54) indicated that cells from
de Bruyn's mouse lymphosarcoma M5 (T186157) in agitated fluid medium were not
altered permanently after prolonged periods of growth. The cells were grown
in suspensions and were exposed to uniform environmental conditions by contin
uous mixing and agitation of the medium. The cells were maintained from 5 to
157 days, and were transferred to fresh medium twice a week. The cells grown
by this method showed a fourfold increase in growth after a period of 5 days
in a medium which contained 16% beef serum; 61% human placental cord serum;
16% Gey*s balanced salt solution, and 100 units of penicillin per milliliter
of medium. The size of the initial population was important in determining
the growth response. A population of approximately 800,000 cells per milli
liter of medium gave good growth.
Baker and Carrel (*26) reported that the rate of growth of fibroblasts
grown in the protein fraction of embryonic tissue extract was proportional to
the concentration of the active substance in the medium. The protein of the
embryonic tissue extract appeared to contain the substances that were necessary
for the nutrition and the growth of the cells* These workers observed that
amino acids stimulated the cells to produce greater migration, but neither pro
longed the life of the explant nor were they able to bring about continued
multiplication of the cells* Berrien and Dorfeld (*50) studied the factors
that affected proliferation in the germinal epithelium of normal, immature
rat ©varies in vitro* By comparing the metabolic rate of the tissues grown
£n vitro with the metabolic rate of tissues grown in viv®, Berrien was able to
demonstrate that the enzyme complements present in the tissues of the explants
were adapted to the environmental conditions that were present in the organ
isms from which they came* He postulated on the basis of this experiment
that the enzyme complements controlled both the qualitative and quantitative
metabolic reactions of the tissues*
CHAPTER III
MATERIALS AND METHODS
Intestinal tissues from 9 day old chick embryos were the source of the
cells used in this investigation. The cells were suspended and maintained in
culture medium in Earle's T-3 flasks.
Glassware and instruments were placed in suitable receptacles and either
sterilized by dry heat for two hours at 150 C. or autoclaved at 15 pounds pres*
sure for 30 minutes* Bovine serum ultrafiltrate and crystalline-potassium
penicillin were secured from the Difco Laboratories, Detroit, Michigan. Para-
aminobenzoic acid was secured from the Nutritional Biochemicals Corporation,
Clevelandt Ohio. Tyrode solution, trypsin in phosphate buffered saline, one
tenth molar citric acid solution, one tenth molar citric acid solution in one
tenth per cent crystal violet, and five tenths per cent methocoel in one tenth
molar citric acid solution were prepared in the Atlanta University Biological
Laboratories.
Stock cultures of cells were prepared in the following manner. Intestinal
tissues were removed from 9 day old chick embryos and placed in a Petri dish
that contained a small volume of tyrode solution. The tissues were rinsed in
the tyrode solution and transferred to a Petri dish to which was added a small
volume of warm trypsin-saline solution (37 C.). The tissues were cut into
small fragments of approximately three millimeters in diameter and transferred
to a 250 ml. flask by means of a wide mouthed pipette. The flask and its con
tents were placed on a Magnetic Stirrer and the trypsin-tissue mixture was
stirred for 7 minutes at a rate that did not cause the formation of foam in
the flask. After stirring, the trypsin-tissue mixture was allowed to settle
in the flask and the supernatant that contained the suspended cells was
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pipetted into a chilled flask. Additional trypsin-saline solution was added
to the residual tissue and the process indicated above was repeated several
times in order to obtain the desired quantity of cells* The collected trypsin-
cell suspension was centrifuged at 200 r.p.m. for 8 minutes. The supernatant
was discarded and the packed cells were washed with tyrode solution, centri
fuged, and placed in a volume of medium calculated to yield approximately
600,000 cells per milliliter of medium. The medium for the stock cultures con
sisted of: 40% bovine serum ultrafiltrate; 40% tyrode solution, and 20% chick
embryo extract. To each milliliter of medium, approximately 100 units of crys
talline-potassium penicillin were added.
The stock cultures were incubated for 6 days at 37 C. On the third day of
incubation, the cells were collected, washed in tyrode solution, centrifuged,
and resuspended in a volume of fresh medium calculated to yield approximately
600,000 cells per milliliter of medium. At the end of the sixth day of incu
bation, the cells were again collected, washed in tyrode solution, centrifuged,
and resuspended in a volume of tyrode solution calculated to yield approximately
600,000 cells per milliliter of solution. This tyrode-cell suspension was
placed in a Resevoir Burette-Assembly Stirrer from which the desired quantity
of suspended cells was delivered to Earle's T-3 flasks*
For the control cultures, one milliliter of the tyrede-cell suspension was
placed in each T-3 flask. To the cells in each flask were added two milli-
liters of bovine serum ultrafiltrate, one milliliter of tyrode solution, one
milliliter of chick embryo extract, and 500 units of penicillin. The experi
mental cultures were prepared in the same manner with one exception. The one
milliliter of tyrode solution that comprised part of the culture medium con
tained the test agent, para-aminobenzoic acid.
Four series of experiments were performed. Control and experimental
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cultures were prepared for each. In each series, the medium for the control
cultures was the same as that indicated above* For the experimental cultures:
series 1 contained five-thousandths molar para-aminobenzoic acid per n&lli-
liter of medium; series 2 contained one-hundredth molar para-aminobenzoic acid
per milliliter of mediumj series 3 contained two-hundredths molar para-amino-
benzoic acid per milliliter of medium, and series 4 contained four-hundredths
molar para-aminobenzoic acid per milliliter of medium*
Both the experimental and control cultures were incubated for 6 days at
37°C. On the third day of incubation, the cells of both groups were collected
separately, washed in tyrode solution, centrifuged, and resuspended in a volume
of tyrode solution calculated to yield approximately 600,000 cells per milli
liter of solution. The collected cells for both the experimental and control
groups were resuspended in fresh nutrient medium as previously described for
each group* At the end of the sixth day of incubation, nuclear counts were
made on the cells contained in each flask*
Nuclear counts were made in the following manner* One milliliter of the
contents of each flask was placed in a 12 ml. centrifuge tube* To the contents
of each flask were added 9 ml. of one tenth molar citric acid solution* The
tube was stoppered, shaken vigorously, and placed in an incubator for one hour*
During this period, th© tube was shaken slightly at intervals. Following in
cubation, the contents in the tube were centrifuged at 1100 r*P»m» f©* 15 min
utes. One half of the total volume of the fluid was removed from each tube
and to the residual volume in the tube were added 5 ml. of one tenth per cent
crystal violet in one tenth molar citrie acid solution. The tube was then
centrifuged and one half of the supernatant was removed. To the remaining
contents in the tube were added 5 ml. of five tenths per cent methocoel in one
tenth molar citric acid solution. The mixture was shaken vigorously and
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poured into a small beaker* The contents in the beaker were swirled slightly
while a quantity of it was drawn up into a white blood cell pipette. The
first two or three drops from the pipette were discarded before the counting
chamber of the hemocytometer was loaded* All counts were made under the low
power objective (10X) of a microscope. All nuclei in the nine large squares
were counted* The number of nuclei per milliliter of medium was computed by
the following formula*
Nuclei counted x 10 x 1000
0.9
The comparative growth indices were calculated by the following formula,
using one as the index for the controls*
C.G.I. = Increment under experimental conditions
Increment under normal conditions
CHAPTER IV
EXPERIMENTAL RESULTS
Four series of experiments were performed. Each series consisted of a
minimum of 6 control cultures and 10 experimental cultures. Each flask con
tained approximately 600,000 cells per flask which was equivalent to approxi
mately 120,000 cells per milliliter of medium. In each series of experiments,
different concentrations of para-aminobenzoic acid were used.
Series 1.—This series consisted of 10 control cultures and 10 experimental
cultures. The medium for the experimental cultures contained five-thousandths
molar para-aminobenaoic acid per milliliter. The average terminal cell count
per milliliter was 1,064,444 for the control cultures, and 1,948,888 for the
experimental cultures. The average comparative growth index was 1.83.
Series 2.—This series consisted of 6 control cultures and 14 experimental
cultures. The medium for the experimental cultures contained one-hundredth
molar para-aminobenzoic acid per milliliter. The average terminal cell count
per milliliter was 2,294,444 for the control cultures, and 2,377,777 for the
experimental cultureso The average comparative growth index was 1.24.
Series 3.—This series consisted of 6 control and 14 experimental cultures.
The medium for the experimental cultures contained two-hundredths molar para-
aminobenzoic acid. The average terminal cell count per milliliter was 2,204,814
for the control cultures, and 2,242,618 for the experimental cultures. The av
erage comparative growth index was 1.06,
Series 4.—This series consisted of 6 control cultures and 14 experimental
cultures. The medium for the experimental cultures contained four-hundredths
molar para-aminobenzoic acid per milliliter. The average terminal cell count
per milliliter was 2,112,098 for the control cultures, and 2,232,126 for the
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experimental cultures. The average comparative growth index was 1.01.
A summary of the above data is presented in Tables 1 and 2.
CHAPTER V
DISCUSSION
The results of this study indicate that the multiplication of the cells
varied with the addition of different concentrations of para-aminobenzoic
acid to the medium in which they were grown* It ean be seen from an examina
tion of table 2 that the lower the concentration of para-aminobenzoic acid,
the greater was the increase in the rate of multiplication of the cells. The
cells in the experimental group of series 1 multiplied at a rate that was 83%
greater than that of the controls. The concentration of para-aminobenzoic
acid used in this series was five-thousandths molar per milliliter of medium*
The least amount of growth in the experimental cultures occurred in series 4*
This series contained four-hundredths molar para-aminobenzoic acid per milli
liter of medium. The rate of growth of the cells in the experimental group of
this series was only one per cent greater than that of the controls*
The data obtained from this study reveals that the rate of multiplication
of the cells was greatest in the medium that contained the lowest concentra
tion of para-aminobenzoic acid* However, the rate of multiplication of the
cells In the experimental cultures was always greater than that of the cells




1. Cells obtained from the intestines of 9 day old chick embryos were used
in this study* The cells were grown in suspension in Earle's T-3 flasks.
The medium for the control cultures consisted of* two milliliters of
bovine serum ultrafiltrate; two milliliters of tyrode solution; one mil-
liliter of chick embryo extract, and 500 units of penicillin*
2» The basal medium for the experimental cultures was the same as that for
the controls. Different concentrations of para-aminobenzoie acid were
added to this basal medium for each series. These concentrations werei
five-thousandths molar; one-hundredth molar; two-hundredths molar, and
four-hundredths molar, series 1 through 4 respectively,
3# The rate of multiplication of the cells was greatest in the medium which
contained the lowest concentration of para-aminobenzoic acid.
4, When the rate of multiplication of the cells in the control cultures was
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*Number of cells per milllliter of medium for experimental and control
cultures.
TABLE 2
AVERAGE COMPARATIVE GROWTH INDICES FOR ALL CULTURES
AND PERCENTAGE OF GROWTH ABOVE OR BELOW
THE CONTROL CULTURES
Series Number
1
2
3
4
Comparative Growth
Index
1.83
1.24
1.06
1.01
Percentage above or
below Control
+83.0
♦12.4
+ 6.0
+ 1.0
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